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THE AILERON AS AN AID TO RECOVERY PROM THE SPIN 
By A. I. Neihouse 



SUMMARY 



As part of a general J.nvestiga-t-ion-.by ihe -HACA_.o-f- 
factors that affoct the spin, the use of the aileron as. 
an aid to re-c ove-ry • f rom the spin was studied. Tests of 
10 different models, covering a wide range of mass dis- 
tribution, were made...in the NACA _f r-e-e — spinning tunnel to 
determine the effects of a large downward deflection "of 
the outboard aileron -and of normal angular deflections 
of the ailerons upon recovery character isiics • 

The results indicate that the direction of --aileron 
setting, with or- against the spin, which .will aid, re-covexy- 
from- the spin .-.depends upon, the Mr/plane weight distribu- 
tion. Por monoplanes and for "biplanes with lower-wing 
ailorons, -ailerons with the spin will he -favorable when 
the weight is distributed chiafly- along the fus-elage 
( Single— engine, airplanes) and ailerons • against the spin 
will be favorable ■ when the. weight is distributed chiefly 
along the wings ■(mult iengine airplanes). Dowm/arcL-m'ove- 
ment of the outboard aileron through a large angle will 
not always be effective in- aiding.. recovery, the effective- 
ness of such a. movement also being dependent upon_the 
weight -distribution, of the airplane 1 ; 



■ INTRODUCTION 



Numerous. -'spec ial devices to insure recovery from the- 
s pin have booh developed from time : to time. Except f-or 
the tail chute, none has been widely .adopted. 

A method of expediting recovory from- the spin that 
showed particular promise on tho basis of past experience 
consisted in deflecting the outboard aileron (left aileron 
in a right spin) downward - through a large angle to assist 
the rudder in recovery. At large deflections, the outboard 
aileron should provide considerable antispin yawing moment 
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to augment the"moment obtainable by reversal of the rudder. 
A study of this method, of improving spin recoveries was 
accordingly undertaken in" the NACA. free-spinning tunnel. 
In order to afford a means of comparison and to obtain a 
clear understanding of the results, a study of the effects 
of normal angular deflections of the ailerons , with' and 
against the spin, "was included in the "investigation. 
Ailerons deflected with the spin means that the ailerons 
are deflected with right aileron up and left aileron down 
in a right spin. The results of the investigation are 
discussed in this paper. 

Ten models, representing airplanes of widely differ- 
ent mass distributions , wore tested. Por one of these 
models, tests were made with varied mass distribution. 
Tests were made of recovery by rudder .movement alone for 
the various aileron settings and also, in somo cases, by 
simultaneous movement of both rudder and ailerons. The 
forces required to deflect the controls were neglectod." 



• APPARATUS AUD TESTS ' 

Spin-testing technique in the NACA free-spinning 
tunnel and the construction of spin models are described 
in detail in reference 1. The models, constructed of ' 
balsa, are ballastod by the installation of proper weights 
at suitable locations. An automatic clockwork delay- 
action mechanism is installed to actuate the controls for 
recovery. The models are launched by hand into the ver-r 
tical air stream and the air speed is adjusted to keep 
the model at a fixed height until recovery is attempted. 

The models tested were all landplanes and, unless 
otherwise indicated, represont low-wing monoplanos. The 
landing gear was retracted except as noted. Table I gives 
a short description of the airplanes represented by the 
models and their moment s " of - inert ia. In order that the 
effect of the ailerons might be clearly demonstrated, ad- 
justments were made to the models so that, .without the 
use of the ailerons,- -slow recoveries would be obtained by 
use of tho ruddor. In some cases this result was obtained 
by suitable adjustment of the elevator angle or loading 
and in other cases by restricting the rudder travel., 
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gated for §ach of the 10 models with-.the 'ailerons neu- 
tral. The effect of a large downward setting (60°, or 
more) of the outboard aileron and -the effect of normal 
settings of the ailerons (approximately 20° up and 20° 
down) -with : or • against the .spin were then- determined. In 
some cases, .the tests wore- extended to investigate re- 
covery "by simultaneous movement of both rudder and ailer- 
ons. 

Recoveries were evaluated "by the number of turns 
the spinning model made, from the time tho controls were 
observed to move until the spinning rotation ceased. 
Turns for recovery, shown on the figures and in the 
tables, were counted visually and are believed to be ac- 
curate to within a half turn. ■ 

Steady-spin characteristics were not studied in the 
prosont investigation. • . • 

RESULTS AND .DISCUSSION 

• The results of tho invostigat-ion are tabulated in 
tables II to XII and are summarized in figures 1 and 2. 
In tho figures, all tho results 'shown for any one model 
are for conditions in which the ailerons were either pro- 
set at the position indicated or were moved to thai; po- 
sition simultaneously with the rudder movement. 

In the discussion, "it has been found convenient to 
separate 'the models into - two groups according to the rel- 
ative distribution of weight along the "fuselage and the 
wings. The. f irs.t group comprises models 1 to 8 for which 
the weight is distributed chiefly along tho fuselage 
( Iy > Ij, • where Ijr and Iy are the moments of inertia 

about the X and the Y axes, respectively). The re-- 
suits for this group are summarized in figure 1. The 
second group, the results for which are presented in fig- 
ure 2, comprises models 9, 10, and 6R, with weight dis- 
tributed chiefly along the wings ( I x > Iy) . The weight 

distribution of model 9, an unstaggored biplane, fell in 
the same category as that of model 10, a multiengine de- 
sign. Model 6R was obtained by reballasting model 6 to 
simulate the mass distribution of a multiengine design. 
Tho tests of this model therefore provided a direct check 
on the validity of classification of the aiioron effect 
according to the typo of mass distribution. 
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A study of the results for models 1 to 8 indicates 
that the use of a large' downward deflection of the out- 
board aileron was generally favorable to the spin and the 
recovery characteristics-. Tests with the inboard aileron 
neutral and the outboard -aileron preset in various posi'-. 
tions wore made with -models l r 2, 3, 5, "and 6... These 
tests showed that, astho downward deflection" of the .ailer- 
on increased, the steady: spin tended to steepen. until ,a 
condition was reached in which the rotation' could no 
longer be maintained- The model then automatically re- 
covered when launched into the tunnel in rotation. The 
tests were usually stopped when the vertical velocity be«* 
came too great for the tilnnel even though the nonspinning 
condition had not been attained. 'tilth models 4, 7, and 8, 
the tests were made for only the 60° downward aileron sot- 
ting. The extent to which the model spins wore affectod 
by a given aileron setting varied considerably among tho 
models. For example, tho. vertical velocity of model 2 
became too fast for the tunnel when the outboard aileron 
was set down 10°; whereas , with modol 3, this condition 
did not obtain even with a 40° setting- Pour out of five 
models of this group tested with, a 60° downward aileron 
setting would not spin for this control configuration. 

Models 5 and 5 - wore not tested with 60° settings 
of the aileron but, for these models as was the case for 
model 2, smaller settings were quite effective. The in- 
dications are that, in every case, a large downward de- 
flection of the outboard aileron would be sufficient 
either to prevent the spin or to steepen the spin enough 
so that recovery by rudder reversal would bo rapid. The 
aileron sotting required to insure a rapid recovery would 
probably be less than 60° for these cases. Drooped ailer- 
ons set full with the spin approximate the condition of 
the outboard aileron alone deflected down through a large 
angle. These results indicate the advantages of holding 
drooped ailerons full with the spin where the weight 
distribution is of the type represented by models 1 to 8. 

When the steady spin was made with tho ailerons neu- 
tral and the outboard aileron moved down simultaneously 
with the rudder reversal for recovery, the recoveries woro 
not so good as when this aileron was preset. Of tho six 
models tested on which 'the outboard aileron and tho rudder 
were moved together, satisfactory recoveries , were obtainod 
for five cases. For models 1, 2, and 6, a 40-° downward 
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deflection of the outboard aileron was sufficient "but for 
models 3 and 4 a 60° deflection was necessary, For model 
5, which had a very flat attitude in the -spin (approxi- 
mately 80°), recovery, although showing some improvement, 
still took on the order of 14 turns even when the oufboard 
aileron was deflected as much as 80° downward.- 

On model 4, which would not recover by rudder rever- 
sal for aileron's neutral, a test was made in which tho 
oufboard ailoron" was moved dov/n after the rudder had "been 
neutralized. This condition cor rosp'onded to the .situation 
in which a pilot finds neutralizing of the rudder to he 
ineffoctivo and follows up his initial manipulation hy do- 
fleeting tho oufboard ailoron as an added emergency device. 
Tho onsuing rocovory for the case tested was rapid. 

Tests on modols 7 and 8 indicated that individual 
dofloction of the oufboard aileron down through a large 
angle was more effective than any other individual deflec- 
tion of either aileron, up or down. Although the compari- 
son was not complete for the remaining models, it was 
found that, in general, deflection of the outer aileron 
down was most effective, hut in a few isolated instances 
other deflections appeared egually effective. 

The rosults for models 9, 10, and 6E, models whose 
weight was distributed chiefly along tho wings, show that 
presetting the oufboard ailoron down 60° had very littlo 
effect with these models. With model 9, it appeared that 
.an aileron deflection larger than 60° t/ould produce a 
slight favorable effect. 3"or model 10, the spin with the 
outboard aileron deflected down 60° was slightly flatter 
than the spin with this aileron neutral and, for model 6E, 
there was little effect with this ailoron sotting. 

Tho effect of normal angular settings of the ailerons 
was investigated and the results indicated that presetting 
the ailerons with the spin, tried for five of the first 
eight models, gave results consistent with those for a 
large downward deflection of the outboard aileron in that 
the spins wore steeper and the recoveries were more rapid 
than from the ailoron-neutral spins. Presetting tho ai- 
lerons against the spin had tho opposite effect; tho spin 
genorally became flatter and the recoveries slower. "As- 
with tho larger aileron settings, tho magnitudes of the 
effects varied considerably among models. Yfith model 1, 
for example, the recovery depended critically upon the 
aileron setting; with model. 5. 4 the effects were barely 
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perceptible. When the steady spins were made with the 
ailerons in neutral and the ailerons moved simultaneously 
with the rudder, similar, effects were obtained; "but in 
no case in which comparable ' results were available was 
the improvement as great as that for presetting tho ai- 
lerons. Only a small effect was observed with model 5, 
a model that gave a very flat" spin. lor model 3, a bi- 
plane with ailorons on only the upper' wing, there was 
practically no effect of normal aileron deflections. 

The rosults for models 9, 10, and. 6E, which wore ob- 
tained only with preset ailorons, $how that tho direction 
of tho aileron effect for normal angular settings was ro- 
versod from that for models 1 to 8 in that ailorons set 
against tho spin now gavo a favorable offoct. For modols 
10 and 6E, normal angular settings of tho ailerons against 
the spin proventod tho spin even when both rudder and ele- 
vators were sot full with. the spin. The down-elevator 
sotting also tended to provent the spin for these two 
models. 

CONCLUDING BEMAEKS 



Tho data presented indicate that weight distribution 
of the model is an important factor in determining the 
direction of aileron effect, that is, whether ailerons 
deflected with or against the spin aro favorable to re- 
covery characteristics. Figure 1, which gives results 
for models whose weight is distributed chiefly along tho 
fuselago (Iy > ' shows that ailerons with the spin, 

including the special case of tho outboard ailoron down 
through a large angle, are generally favorable to recovery 
characteristics and that ailerons against the spin givo 
an advorso effect. Only for a biplane model that has ai- 
lorons on only tho upper wing was the offoct of normal 
angular deflections of the ailerons indefinite. Setting 
the outboard, aileron down through a large angle is gen- 
erally superior to normal angular settings of the ailerons 
with the spin for this condition. Eapid recovery from a 
very flat spin, however, cannot always be secured. When 
the weight is distributed chiefly along .'the wings ( Ix > 
Iy) , the direction of 'the effect of normal angular do- 
flection of the] ai.lerons' is reversed and a large downward 
setting of the outboard aileron becomes relatively inef- 
fective. The scope of the present investigation is not 
complete enough to indicate definitely at what value of 
Ij - Iy the aileron effect reverses. 
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The results indicate that use of normal angular de- 
flections of tho ailerons, in the direction determined 
by tho airplane weight distribution will generally bo 
very effective in aiding recovery from the spin. Special 
aileron installation, to allow for a large downward de- 
flection of tho outboard aileron, is not generally rocom- 
monded bocauso it does not offor a dopondablo aid for re- 
covery from spins of all ■ airplanes , such as very flat- 
spinning single-engine airplanes or multiongine airplanos. 



Langloy Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Ta. , September 13, 1940. 
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TABLE I 



Moments of Inertia of Airplanes Represented "by Models 



W.J ^ -] 

Model 


Type airplane represented 8. 


Pull-scale moments of 
inertia (slug-ft ) 








h 


H 


1 


Pursuit (landing eear ex- 
tended) 


1,500 


4800 


5 ,950 


2 


Scout-bomber 


3,250 


7025 


9,575 


3 


Pursuit (staggered biplane) 


1,525 


2950 


3,825 


4 


Attack 


4,950 


9225 


12,725 


5 


Pursuit 


2,875 


4200 


6 ,375 


6 


Pursuit (midwing) 


1,825 


4450 


5 ,900 


7 


Trainer (staggered biplane) 


1,575 


3075 


4,200 


8 


Trainer 


1,750 


4875 


6 ,300 


9 


Trainer (unstaggered bi- 
plane) 


3,125 


2250 


4,825 


10 


Pursuit (twin-engine, twin- 
tail) 


10,800 


9300 


19,400 


6E 


Pursuit (midwing - heavily 
weighted along wings) 


4,825 


3450 


7,850 



^nl ess otherwise indicatod, models represent 
single-engine, single-tail, low-wing mon- 
oplanes with landing gear retracted. 
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TABLE II 

Effect of Ailerons on Recoveries from Spins. Model 1: Right Spins 
7, rate of descent; W, with spin; A, against spin; TJ, up; D, down 



Control setting (deg) 


Turns 
for 
rocovery 


Ailerons 


Rudder 


Elevator 


Right 


Iioft 


Initial 


Pinal 


Initial 


Pinal 


Initial 


Pinal 


Initial 


Pinal 


0 


0 


0 


0 


30 W 


30A 


0 


0 




20D' 


20 D 


20U 


20U 


30W 


30A 


0 


0 ■ 


00 


0 


0 


10D 


10 D 


30W 


30A 


0 


0 


3 


0 




20D 




30W 




0 




a Steep: V 
too great 


0 


*m 


40t> 




30 W 




0 




Would not 
spin 


0 




60D 




30 V 




0 




Would not 
spin 


20U 




20D 




30W 




0 




a Stoep; V 
too great 


0 


20D 


0 


0 


30W 


30A 


0 


0 


7 


0 


20TJ 


0 


0 


30W 


30A 


0 


0 


2f 


0 


0 


0 


20D 


30 W 


30A 


0 


0 


3* 


0 


0 


0 


40D 


30W 


30A 


0 


0 


2i 


0 


20TJ 


0 


20D 


30V/ 


30A 


0 


0 


a* 



Indications are that recovery would probably be rapid. 
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TABLE III 

Effect of Ailerons on Recoveries from Spins. Model 2: Right Spins 
(V, rate of descent; W, with spin* A, against spin; U, up; D, down) 



Control setting (deg) 


Turns 
for 
recovery 


Ailerons 


Riidder 


Elevator 


Right 


Left 


Init lal 


jb max 


mi o lax 


TP n vi o 1 

ji max 


mill a, J. 


J: XILcL-L 


Init ial 


Einal 


0 


0 


0 


0 


30W 


30A 


20D 


20 D 




0 


0 


20TJ 


20TJ 


30V/ 


30A 


20D 


20D 




0 




10D 




30 V/ 




20D 




a Steep; T 
too great 


0 




20 D 




30tf 




20D 




a Steep; V 
too great 


0 


20D 


•0 


20U 


30V/ 


30A 


20D 


20D 


OO 


0 


20U 


0 


0 


30 V/ 


30A 


20D 


20D 




0 


0 


0 


20D 


30'ff 


30A 


20D 


20D 


»i 


0 


0 


0 


40D 


30 


30A 


20D 


20D 


if 


0 


0 


0 


60D 


30V/ 


30A 


20D 


20D 


if 


0 


20U 


0 


20D 


30 V/ 


30A 


20D 


20D 


3i 



a Indications are that recovery would probably be rapid. 
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TABLE IV 

Effect of Ailerons on Recoveries from Spins 
Model 3: ("biplane v/ith ailerons on upper wing) 

Right Spins 

(¥, v/ith spin; A, against spin; U, up; D, down) 



Control setting (deg) 


Turns 
for 
reoavcry 


Ailerons 


Rudder 


Elevator 


Right 


Left 


Init ial 


2 I rial 


lnit ial 


Til A Trt « T 

J! max 


initial 


jj max 


T_ A J. X _ 1 

in i n xax 


TIM n ?i "L 


0 


0 


0 


0 


30 U 


a 
u 


idOXl 




9 


10D 


T AT\ 
101) 


A 
O 


a 
U 




A 

u 


PRT) 

O tJX* 


PSD 

Cj \J -U 


Hot in 10 




OAT1 








0 


25D 

CJ %J JJ 


25D 


00 


40D 


40D 


0 


0 


30 W 


0 


25D 


25D 


oo 


o 


0 


6017 


60U 


30 vr 


0 


25D 


25D 


4 


a 


n 
u 


i n"n 

X\J XJ 


j- \j xj 




o 


25D 


25D 


8 


0 


0 


*~i r\ Ti 

20D 


20D 


30 ¥< 


A 


c OX) 




5 


0 


0 


40D 


40D 


30vr 


0 


25D 


25D 


3 


0 


20D 


0 


0 


30W 


0 


25D 


25D 


00 


0 


0 


0 


20U 


30W 


0 


25D 


25D 


Hot in 5 


0 


20D 


0 


20TJ 


30 V/ 


0 


25D 


25D 


8 


0 


20U 


0 


0 


30 V7 


0 


25D 


25D 


Hot in 10 


0 


0 


0 


20D 


30 V 


0 


25D 


25D 


6* 


0 


0 


0 


40D 


30W 


0 


25D 


25D 


3f 


0 


0 


0 


60D 


30V/ 


0 


25D 


25D 




0 


0 


0 


60D 


30VT 


30W 


25D 


25D 


a Hot in 15 


0 


SOU 


0 


20D 


30V 


0 


25D 


25D 


8 



a Goes into very steep spin when control moves. 
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TABLE V 

Effect of Ailerons on Recoveries from Spins. Model 4: Right Spins 
(V, rate of descent; W, with spin; A, against spin; U, up ; down) 



Control setting (deg) 



Ailerons 


Rudder 


Elevator 


Turns 
f or 
recovery 


Right 


Left 


Initial 


Final 


Initial 


Pinal 


Init ial 


Pinal 


Initial 


Pinal 




0 


0 


0 


0 


30vr 


30A 


25D 


25D 


CO 


60D 


60D 


0 


0 


30 V/ 


30A 


25D 


25D 


2- CD 


0 


0 


60U 


60TT 


30W 


30A 


25D 


25D 


aco 


20D 


20D 


20IT 


20U 


30tf 


30A 


25D 


25D 




0 




60D 




30W 




25D 




^Steep; V 
too great 


20U 


20TJ 


20D 


20D 


30tf 


30A 


25D 


25D 


c l 


0 


20D 


0 


20U 


30W 


30A 


25D 


25D 




0 


20U 


0 


0 


3 Off 


30A 


25D 


25D 


a l2| 


0 


0 


0 


20 D 


30 W 


30A 


253) 


25D 


a 7 


0 


0 


0 


40D 


30W 


30A 


25D 


25D 


a 4£ 


0 


0 


0 


60D 


ZO\I 


30A 


25D 


253 


a 3 


0 


20U 


0 


20D 


Z0\l 


30A 


251? 


25D 


a 5| 


0 


0 


0 


60D 


30V7 


30J? 


25D 


25D 


d oo 


0 


0 


0 


0 


0 


30A 


25D 


25D 


CO 


0 


0 


0 


60D 


0 


0 


25D 


25D 


3* 



a Plat spin. 

^Indications are that recovery would prohahly he rapid. 
c Steep spin. 

d-Goes into very steep spin when control moves. 
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TABLE VI 

Effect of Ailerons on Recoveries from Spins 
Model 5: Eight Spins 
(V, rate of descent; W, with spin; 
A, against spin; U , up; D, down) 



Control setting (deg) 



Ailerons 


Rudder 




iurns 
for 
re- 
- cov- 
ery 


Right 


Left 






Initial 


Final 


Initial 


Final 


Initial 


Final 


Initial 


Final 


0 


0 


0 


0 


30W 


3 OA 


0 


0 


a* 


23D 


23D 


27U 


27U 


30W 


3 OA 


0 


0 




0 


0 


20D 


20D 


30W 


3 OA 


0 


0 


a » 


0 




40D 




30W 




Q 




^Steep; 
V too 
great 


27U 


27U 


23D 


23D 


30W 


3 OA 


0 


0 


20 


0 


40D 


0 


0 


30W 


3 OA 


0 


0 


a co 


0 


0 


0 


40D 


30W 


3 OA 


0 


0 


a 20 


0 


0 


0 


60D 


30W 


30A 


0 


0 


a 14 


0 


0 


0 


80D 


30ff 


3 OA 


0 


■0 


a 14 


0 


0 


0 


80D 


30¥ 


3 OA 


30U 


30U 


a 14 


0 


20U. 


0 


20D 


30W 


30A 


0 


0 


a oo 



a Very flat spin. 

^Indications are that recovery would prohahly he rapid. 
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TABLE VII 

Effect of Ailerons on Recoveries from Spins 
Model 6 (midwing monoplane) : Right Spins 

(W, with spin; A, against spin; U, up; D, down) 



Control setting (deg) 



Ailerons 


Ru 


ider 


Elevator 


Turns 
for 
recovery 


Right 


Left 




Initial 


Pinal 


Initial 


Pinal 


Initial 


Final 


Initial 


Pinal 


0 


. 0 


0 


0 


30V/ 


30A 


20D 


20D 


3* 


0 


0 


0 


0 


30V/ 


0 


20D 


20D 




10D 


10D 


0 


0 


30V/ 


0 


20D 


20D 


Not in 9 


60D 


60D 


0 


0 


30W 


0 


20D 


20D 


co 


0 


0 


20TJ 


20U 


30V/ 


0 


20D 


20D 


Not in 12 


0 


0 


60U 


60U 


30V7 


0 


20D 


20D 


5 


0 


0 


10D 


10D 


30V/ 


0 


20D 


20D 


2 


0 


M 


60D 




30W 




20D 




Would 
not spin 


0 


20D 


0 


20TJ 


30W 


0 


20D 


20D 


co 


0 


20TJ 


0 


0 


30V/ 


0 


20D 


20D 




0 


0 


0 


20D 


30 V/ 


0 


20D 


20D 


6 


0 


0 


0 


40D 


30W 


0 


20D 


20D 


1* 


0 


0 


0 


60D 


30 V/ 


0 


20D 


20D 


1 


0 


0 


0 


60D 


30W 


30W 


20D 


20D 


if 


0 


20U 


0 


20D 


30 V/ 


0 


20D 


20D 


3* 
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TABLE VIII 

Effect of Ailerons on Recoveries from Spins 
Model 7 (biplane with ailerons on "both wings): Eight Spins 
(¥, with spin; A, against spin; U, up; D, down) 



Control setting (deg) 



Ailerons 


1 


Elevator 


Turns 
x or 
recovery 


Right 


Left 


Rudder 


Initial 


Pinal 


Initial 


Pinal 


Initial 


Pinal 


Initial 


Pinal 




0 


0 


0 


0 


30 'tf 


30A 


0 


0 


2 


60D 


60D 


0 


0 


30W 


30A 


0 


0 


CO 


0 


0 


60U 


60U 


30tf 


30A 


0 


0 


1* 


11D 


11D 


13U 


13U 


30W 


30A 


0 


0 


2 


18D 


18D 


28TJ 


28U 


30W 


30A 


0 


0 


a* 


60TJ 


60U 


0 


0 


30W 


30A 


0 


0 


i* 


0 


M 


60D 




30W 




0 


M 


tfould 
not spin 


13U 


13U 


11D 


11D 


3017 


30A 


0 


0 


, — j. 1 1 

1 


28TJ 


"28U 


18D 


18D 


30 W 


30A 


0 


0 


3/4 
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TABLE IS 

Effect of Ailerons on Recoveries from Spins 
Model 8: Right Spins 

(W, with spin; A, against spin; U, up; D, down) 



Control setting (deg) 



Ailerons 


Rudder 


Elevator 


Turns 
for 
re- 
covery 


Right 


Left 


x Hi Tj x ax 


TP-i rial 


x ni t> i ax 


J! 1 no, J. 


J.Q1 1> X ax 




Ini tial 


Final 


0 


0 


0 


0 


30W 


3 OA 


0 


0 


2f 


60D 


60D 


0 


0 


30W 


3 OA 


0 


0 


00 


0 




60U 




30W 




0 




Would 

not 

spin 


1533 


1533 


30U 


30U 


30W 


30A 


0 


0 


3 


6 on 


60U 


0 


0 


3017 


30A 


0 


0 


3 


0 




6013 




30W 




0 




Would 

not 

spin 


30U 




1513 




30W 




0 




Would 

not 

spin 
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TABLE X 

Effect of Ailerons on Recoveries from Spins 

Model 9 ("biplane with, ailerons on "both wings) : Sight Spins 
(V/, with spin; A, against spin; U, up; D, down) 



Control setting (deg) 



Ailerons 






Elevator 


Turns 
for 
recovery- 


Eight 


Left 


■ruiauer 


Initial 


Pinal 


Initial 


Final 


Initial 


Pinal 


Initial 


Pinal 




0 


0 


0 


0 


30Y/ 


30A 


20U 


20TJ 


CD 


15D 


15D 


0 


0 


30V/ 


30A 


20U 


20U 


00 


30D 


30D 


0 


0 


30V/ 


30A 


20U 


20U 


00 


60D 


60D 


0 


0 


30V/ 


30A 


SOU 


20U 


00 


0 


0 


15U 


15U 


30V/ 


30A 


20U 


20U 


4* 


0 


0 


40TT 


40TJ 


30 V/ 


30A 


20U 


20U 


4* 


15D 


15D 


15U 


15U 


30 W 


30A 


20TJ 


20U 


4* 


15U 


15U 


0 


0 


30V/ 


30A 


20TJ 


20U 


00 


0 


0 


15D 


15D 


30W 


30A 


20U 


20TJ 


00 


0 


0 


60D 


60D 


30W 


30A 


20U 


20U 


CO 


0 


0 


70D 


70D 


30W 


30A 


20U 


20U 




15U 


15U 


15D 


15D 


30 V/ 


30A 


20U 


20U 


CO 


0 


0 


60D 


60D 


30V/ 


30A 


20U 1 


20TJ 


a„ b 5 



a Uppor ailerons only used. 
^Lower ailerons only used. 
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TABLE SI 

Effect of Ailerons on Recoveries from Spins 
Model 10: Eight Spins 

(W, with spin; A, against spin; U, up; D, down) 



Control setting (deg) 



Ailerons 










Turns 
for 


Right 


Left 


Huaaer 


•ax evador 


re- 
covery 


Initial 


Pinal 


Initial 


Final 


Initial 


Final 


Initial 


Final 




0 




0 




30W 




30U 




a Too 
steep 
and os- 
cilla- 
tory 


15D 




22U 




30W 




30U 




Would 
.not. s-nin 


0 


0 


60D 


60D 


30W 


30A 


30U 


30U 


3/4 


22U 


22U 


15D 


15D 


SOW 


30A 


30U 


30U 


ii 


22TJ 


22U 


0 


0 


30W 


3 OA 


30TJ 


30U 


3/4 


22U 


2 2U 


0 


0 


40W 


2 OA 


30U 


30U 




22U 


22U 


90D 


90D 


40W 


2 OA 


30TJ 


30U 


i* 


22U 




0 




40W 




20D 




Would 
not spin 


22U 


22U 


60D 


SOD 


40W 


2 OA 


20D 


20D 


ii 


22U 




90D 




40W 




20D 




Would 
not spin 



Indications are that recovery would prohahly he rapid. 



V 
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TABLE III 

Effect of Ailerons on Recoveries from Spins 
Model 6R (midwing monoplane): Right Spins 

(W, with spin; A, against spin; U, up; D, down) 



Control setting (dog) 


Turns 
for 
re- 
covery 


Ailerons 


Rudder 


Elevator 


Right 


Left 


Initial 


Pinal 


Initial 


Pinal 


Initial 


Pinal 


Initial 


Pinal 


0 


0 


0 


0 


30W 


30A 


30U 


30U 


If 


60D 


60D 


0 


0 


30W 


30A 


30U 


30U 


2* 


20D 




20U 




30W 




30U 




Would 
not spin 


0 


0 


60D 


60D 


30W 


3 OA 


30U 


30TT 


1* 


20TJ 


20U 


20D 


20D 


30W 


3 OA 


30TJ 


SOU 


CO 


0 




0 




3 OF 




2QD 


■* 


Would 
not spin 


20D 




20U 




30W 




20D 




Would 
not spin 


0 




60D 


t—t 


30W 




20D 


—* 


Would 
not spin 


20U 


20U 


20D 


20D 


30W 


0 


20D 


20D 


CO 
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Fig. 1 



Would 

not 
recover 



Mass distributed chiefly along fuselage (Iy > Ij) 
ilumbers in parentheses indicate models 




Would 
not — 
spin Ailerons 
against 



Ailerons 
neutral 



Ailerons 
with 



Outboard aileron 
deflected down 
through large 
angle 



Figure 1.- Relative effectiveness of ailerons in aiding the 
rudder for recovery from the spin. 



Fig.- 2 



Would 

not — O 
recover 



Mass distributed chiefly along wing (Ij > ly) 
Uumbers in parentheses indicate models 

(9) 



Would 
not ' 
spin 




Ailerons 
against 



Ailerons 
neutral 



Ailerons 
with 



Outboard aileron 
deflected down 
through large 
angle 



Figure 2.- Relative effectiveness of ailerons in aiding the rudder 
for recovery from the spin. 



